arXiv:1502.02408v2 [astro-ph.HE] 10 Feb 2015 


5th Fermi Symposium : Nagoya, Japan : 20-24 Oct, 2014 1 

MAXI monitoring of blazars and blackhole binaries 

Juri Sugimoto, Mutsumi Sugizaki, Tatehiro Mihara, and Masaru Matsuoka 
MAXI team. Institute of Physieal and Chemieal Researeh (RIKEN), 

2-1 Hirosawa, Wako, Saitama 351-0198, Japan 

Hitoshi Negoro 

Department of Physies, Nihon University, 1-8-If, 

Kanda-Surugadai, Chiyoda-ku, Tokyo 101-8308 

Satoshi Nakahira 

ISS Seienee Projeet Ojjiee, Institute of Spaee and Astronautieal Seienee (ISAS), 

Japan Aerospaee Exploration Ageney (JAXA), 

2-1-1 Sengen, Tsukuba, Iharaki 305-8505, Japan 

Yoshihiro Ueda 

Department of Astronomy, Kyoto University, Kitashirakawa-Oiwake-eho, Sakyo-ku, Kyoto 606-8502, Japan 

Naoki Isobe 

Institute of Spaee and Astronautieal Seienee (ISAS), 

Japan Aerospaee Exploration Ageney (JAXA), 3-1-1 Yoshinodai, 

Chuo-ku, Sagamihara, Kanagawa 252-5210, Japan 

Since August 2009, MAXI experiment on the ISS has been performing all-sky X-ray monitoring. 

With MAXI, we detected flaring activities of some blazers, including Mrk 421, Mrk 501, and 3C 
273. Recently, new X-ray flaring activities were detected from two blazers, MAXI J1930+093 = 

2FGL J1931.1+0938 0] and 2MAXI J0243-582 = BZB J0244-5819 0. The MAXI monitoring also 
covers black hole binaries, including Cyg X-1 and Cyg X-3 which emit GeV gamma-rays. Their 
gamma-ray emission was found to coincide with their X-ray state transitions. We present light 
curves and outstanding events of these sources. 

I. MAXI 

We use the observations of Monitor of All sky X- 
ray Image (MAXI) Q. MAXI was launched in 2009 
July and attached to the International Space Station 
(ISS). The ISS with MAXI orbits the earth in 92 min¬ 
utes, and MAXI scans the objects in the all sky once 
in an orbit. MAXI has already reported more than 
one hundred transients p^. The observed results are 
immediately released through the internet, promoting 
rapid follow-up observations with telescopes around 
the world. MAXI has two kinds of X-ray cameras: 
the Gas Slit Camera (GSC: Q) covering the energy 
band of 2-20 keV. and the Solid-state Slit Camera 
(SSC: [m, [T^) covering 0.7-7 keV. We can down¬ 
loaded one-day bin and 90 min bin archival data for 
making light curves from the MAXI home page [HI . 

The energy spectra, images and also light curves of 
both the GSC and the SSC can be processed by the 
MAXI on-demand data web page[l^ Q. 


II. OBSERVATION OF BLAZARS FOR 5 
YEARS 

MAXI is monitoring 21 BL Lacs and 3 quasars. We 
show the light curves for 5 years by MAXI/GSC of 


Mrk 421, Mrk 501 and 3C 273 in Figure [H We re¬ 
ported their X-ray flares and brightenings to the As¬ 
tronomer’s Telegram (Atel, showed as grey lines in 
Figure [1]). 


III. NEW DETECTION OF TWO BLAZARS 
A. 2FGL J1931.1+0938 

At 05:31:55 UT on March 2, 2014, MAXI nova 
alert system detected a new faint X-ray source which 
was ^10 mCrab in Figure [2j We named it MAXI 
J1930+093 and reported to the Atel#5943 Q- After 
that, Swift/XRT observed the error region of MAXI. 
Swift found an X-ray source which was the same in¬ 
tensity as MAXI observation, and identified it to the 
BL Lac object 2FGL J1931.1+0938. 


B. BZB J0244-5819 

At 19:24:10 UT on March 24, 2014, MAXI nova 
alert system detected transient object which was 6.6 
mCrab in Figure [3l It had been identified as 2MAXI 
J0243-582 in the MAXI/GSC 37-Month catalog [2[. 
We proposed a Swift ToO observation with 4-point 
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FIG. 1: MAXI/GSC light curves of blazars, Mrk 421, Mrk 501 and 3G 273. Binning is 1 day for Mrk 421 and Mrk 501 
and 10 days for 3G 273. The dates in the hgure are MAXI notihcations to Atel. 


tiling to cover the MAXI error circle with the Swift 
XRT. In the Swift XRT image, we find a bright point 
source at (RA, Dec)= (2h 44m 40.10s, —58d 19m 
54.8s) with an estimated error of 2.3 arcseconds ra¬ 
dius (90% c.L). This position lies 1.54 arc-seconds 
from the NED position of the BL Lac object BZB 
J0244-5819. We therefore suggest that the trigger 
source is an X-ray flare of BZB J0244-5819 (=MAXI 
J0243-582) (ATel#6012 @). 


IV. BLACK HOLE BINARY CYG X-1 

Cygnus X-1 (Cyg X-1) is one of the most famous 
high mass X-ray binaries (HMXBs), and is composed 
of a black hole (BH) and a massive giant companion 
star. X-ray from Cyg X-1 is highly variable,the bi¬ 
nary period is 5.6 d, and the distance is 1-861 q ]^^ kpc 
Q. The galactic BH binaries have two spectral states, 
a low/hard state that is dominated by a power-law 


spectrum, corresponding to the radiatively inefficient 
accretion flow (RIAF), and a high/soft state that is 
dominated by a thermal emission from the standard 
optically thick accretion disk 


A. Light curve 

MAXI obtained a long-term light curve for more 
than 5 years of Cyg X-1 0. Cyg X-1 had been in 
the low/hard state until June 2010, and after that it 
stayed in the high/soft state for about ten months [8[. 

Figure m shows light curves with one-day bin of Cyg 
X-1 obtained with GSC from 15 August 2009 (55058 
MJD) to 9 November 2014 (56970 MJD), in three en¬ 
ergy bands (2-4 keV, 4-10 keV and 10-20 keV). The 
two kinds of hardness ratios, /(4-10 keV)//(2-4 keV) 
and /(10-20 keV)//(4-10 keV), are also plotted. The 
state of Cyg X-1 can be recognized by the values of 
the hardness ratios. 
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FIG. 2: The upper panel is a trigger image of 2FGL 
J1931.1+0938 by MAXI/GSG in 4-10 keV band, shown 
with a red arrow. The lower panel shows the light curve 
in 2-10 keV energy band. 1 bin is 10 days. 


FIG. 3: The upper panel is a trigger image of BZB J0244- 
5819 by MAXI/GSG in 4-10 keV band, shown with a red 
arrow. The lower panel shows the light curve in 2-10 keV 
energy band. 1 bin is 30 days. 


The low/hard state continued for about ten months 
since the start of the MAXI observation. A transition 
to the high/soft state occurred around 55378 MJD and 
then continued for another ten-month. After several 
state transitions, it has stayed in the high/soft state 
since 56107 MJD. 


B. Hardness-intensity diagram 

The upper panel of Figure [5] shows a hardness- 
intensity diagram. The vertical axis shows count rates 
in the 2-10 keV band, and the horizontal axis indi¬ 
cates the hardness ratios of the count rates in the 4-10 
keV band to those in the 2-4 keV band. The lower 
panel in Figure [5] shows a histogram of the number 
of data points in certain bins of the hardness ratio. 
We can see clear two peaks, which correspond to the 
high/soft state and the low/hard state. To separate 
the period into those two states, we fit the histogram 
with two gaussian functions, and determined the mean 
values and standard deviations of the gaussian func¬ 
tions. Then we defined the state of each data point, by 
checking whether the hardness ratio of the data point 
is in ± 3(7 of the distributions. Blue and red data 
points in Figure [5] are thus defined the low/hard state 
and the high/soft state, respectively. Black points are 


between then and considered as the transition. The 
determined terms of the states are summarized in Ta¬ 
ble H 

TABLE I: The terms of spectrum states 


spectrum state start MJD end MJD 


hard 

55058 

55376 

soft 

55378 

55673 

hard 

55680 

55788 

soft 

55789 

55887 

hard 

55912 

55941 

soft 

55943 

56068 

hard 

56069 

56076 

soft 

56078 

56733 

hard 

56735 

56741 

soft 

56742 

56757 

hard 

56781 

56824 

soft 

56854 

... 
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FIG. 4: One-day bin light curves and hardness ratios of Cyg X-1 obtained with MAXI/GSC. From top to bottom panel, 
light curves in the energy bands: 2-4 keV, 4-10 keV and 10-20 keV, and the hardness ratios of /(4-10 keV)//(2-4 keV) 
and /(10-20 keV)//(4-10 keV) are shown. The black and grey regions show the terms in the low/hard state, and in the 
high/soft state, respectively. 
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FIG. 5: Upper: the hardness-intensity diagram of Gyg X- 
1. Lower: the histogram of the hardness ratio distribution. 
The hardness ratio is calculated by dividing 4-10 keV band 
count rate by 2-4 keV one. The blue data points are in 
the low/hard state and the red ones are in the high/soft 
state. We treat the black ones to be during the transition. 
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